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A process of harvesting a herpesvirus from a cell culture infected therewith comprises treating said culture with a hypertonic aqueous 
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be used to harvest the virus by disrupting virus-infected cells. The harvesting step can be followed e.g. by nuclease treatment, diafiltration 
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RECOVERY OF VIRUS FROM CELL CULTURE USING A HYPERTONIC SALT SOLUTION 

Field of the Invention; 

This invention relates to the production of viruses and to the 
5 harvesting of virus preparations from virus -infected cell cultures, for 
example for experimental and therapeutic purposes, e.g. for the production 
of virus vaccines. In particular aspects the invention relates to methods 
and arrangements for the production of herpesviruses. Other aspects of the 
invention will be apparent from the description given below. 

10 

Background of the invention and Prior Art 

Several methods are known for producing live virus preparations, e.g. 
herpesvirus preparations, for vaccine and other purposes, 

15 For example. US 3.985,615 (Osaka Res Foundation: T Kubo et al) shows 

production of live attenuated varicella virus for vaccine use by culture 
comprising passage In guinea pig primary embryonic tissue cells. US 
5,024,836 (Merck: W McAleer et al) relates to production of lyophilized 
vaccine preparations based thereon. 

20 

DD-209738 (Cent Cere Bioprep: IV Patrascu) Illustrates production 
of another type of herpesvirus, for use as vaccine against Narek's disease 
is produced by (a) culturing specific pathogen- free chicken embryo cells on 
dextran microspheres; (b) inoculating the culture at 80* confluence with 

25 turkey herpes virus strain FC- 126 (clone 1. Illb); (c) collecting the 
infected cells in SPGA medium (sucrose, phosphate, glutamate. bovine albumin 
fraction V) when the cytopathic effect 1s 804; (d) subjecting the 
suspension to three ultrasonic pulses of 1 minute duration at 2 minute 
intervals and centrifuglng it to recover a first crop of vaccine; (e) 

30 resuspending the sediment in SPGA medium and repeating step (d) to obtain 
a second crop of vaccine (to increase the vaccine yield by almost 20X); (f) 
freezing the combined vaccines at -100 deg.C prior to determining the virus 
titre; and (g) diluting with SPGA medium and freeze drying. 

35 JP06234659-A (ZH Handai Biseibutsubyo Kenkyukai) describes, in an 

example, production of herpesviral vaccine on human diploid fibroblast MRC-5 
cells cultured 1n MEM medium at 37 deg.C; comprising inoculation of 
varicella virus Oka strain seed virus at a HOI of 0-03 to MRC-5 cells and 
culture at 37 deg.C for 2 days. Virus is then suspended 1n a solution 

40 containing 6.4g NaCl , Q.16g KC1 , 2,3g Na2HP04. .12H20. 0.16g KH2P04, 50. 0g 
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sucrose, LOg Na l-glutaraate. 2:0g gelatin, 25. Og gelatin hydrolysate and 
O.lg EDA-3Na per 1. 

EP 0 S73 107. US 5.360,736 and US 5.607,852 (Merck: PA Friedman et 
al) describe processes for production of attenuated varicella zoster virus 
vaccine, including a process for preparing live, attenuated, cell -free 
varicella-zoster virus (VZV) vaccine that comprises: (a) Culturing VZV 
infection -susceptible cells, selected from human diploid cells, to 
confluency 1n monolayer culture, under conditions of sufficiently high 
nutrition to achieve a high degree of cell replication, and supplying a non- 
tnetabol i zabl e di sacchari de ; ( b) i nf ecti ng the eel 1 s cul tured accordi ng to 
step (a) at as close to the point of confluency as possible with as high a 
multiplicity of infection of VZV-infected cells as practical; (c) 
maintaining the VZV-infected culture in a state of high nutrition for about 
22-96 hours and harvesting at the point of peak Infectious VZV production; 
(d) washing the VZV-infected culture with a physiologic solution, optionally 
containing a lysosomotropic agent, such as ammonium chloride or chloroquine, 
prior to harvesting the VZV infected cells; (e) Harvesting the VZV Infected 
cells into a minimal volume of a stabilizing solution and either disrupting 
the cells immediately or freezing the cells for later disruption; (f) 
Disrupting the VZV-infected cells to optimally release cell -associated VZV. 
and removing cellular debris, to provide a cell -free VZV preparation. The 
process discloses use of cell densities of up to ca. 500,000 cells/cm2 in 
conventional culture vessels. The process 1s proposed for mass production 
of live vaccine. Appropriate nutrient medium for growing cells in monolayer 
culture 1n that connection is described as consisting essentially of SFRE-2 
medium supplemented with between 0.2 mg/mL and 0,4 mg/mL soybean lipid, the 
cells being selected from MRC-5 cells. WI-38 cells and Vero cells. 

WO 92/05263 (Immunology Ltd: 5C Inglis et al) and WO 94/21807 (Cantab 
Pharmaceuticals Research: Inglis et al) are illustrative of the provision 
of recombinant cells and culture methods for producing genetically disabled 
herpesvirus such as herpes simplex virus for vaccine purposes. 

It remains desrlable to provide methods for treatment of virus- 
containing preparations, capable of contributing to the manufacture of virus 
preparations in good yield and purity. 

SWMARY AND DESCRIPTION OF THE WEfTON 

According to one aspect of the present invention, a cell culture 
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infected with a herpesvirus can be treated to yield a virus suspension by 
a harvesting incubation with a hypertonic aqueous salt solution. The salt 
solution can be contacted with the cell culture to yield a liquid containing 
useful virus content and a much reduced content of cells or cell debris by 
5 comparison with (for example) the product of ultrasonic disruption. This 
process can for example be particularly applicable to give an inproved yield 
of virus for the manufacture of live virus vaccine in a case where otherwise 
a cell -disruption step might be used to harvest virus by disrupting vi re- 
infected cells of a virus -producing cell culture. 

10 

Many pharmaceutical ly acceptable salts are suitable and acceptable for 
this purpose, for example sodium chloride, sodium sulphate, potassium 
chloride, and others. Preferably the salt solution can comprise sodium 
chloride at for example about 0.8 to 0.9 M concentration or above. If 

15 sodium sulphate is used, concentration can preferably be about 0.4H or 
above. Other salts can be used, if desired at similar osmolarity or ionic 
strength to the concentrations indicated above. The virus can often stand 
up to 1M or 2M salt concentration but in each case, it is preferred not to 
go too far above the indicated concentration, so as to avoid excessive 

20 uptake of protein into the saline liquid. Buffering and other constituents 
can be chosen suitably in accordance with normal practice for handling the 
viruses concerned. 

The harvesting incubation can be carried out with gentle agitation, 
25 and preferably is carried out 1n such a way as to involve no or minimal cell 
disruption. The cell culture to be treated to the harvesting incubation can 
be for example a monolayer culture or a microcarrier culture or a roller- 
bottle culture. 

30 The harvesting salt solution can be buffered and maintained at a pH 

and temperature 1n themselves suitable for the culture of the virus-infected 
cells, e,g, about pH 7 and advantageously about 34 deg.C. for herpes simplex 
virus. 

35 Contact time between the cultured cells and the harvesting liquid is 

not specially critical and can for example be in the range of about 2-24 
hours. It has been found in connection with certain examples that for 
example about 4 hours contact time is preferable because it can offer good 
yield with acceptably low levels of cellular protein. 

40 
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After contact between the cultured Infected cells and the harvesting 
liquid, the liquid containing the harvested virus particles, can be 
separated by decantation or any other suitable method; the cultured cells 
themselves can be allowed to remain attached to the surface on which they 
5 were cultured, and can be discarded after the separation of the harvesting 
liquid. 

The harvesting liquid can then if desired be treated by filtration 
and/or centrifugatlon to remove residual cells. 

Desirably, the harvested preparation can be diluted or dlafiltered 
to approximately isotonic concentration, e.g. about 138 mM in sodium 
chloride. 

15 According to a further aspect of the invention, the virus preparation 

harvested in this way can be treated with nuclease enzyme to reduce any 
content of contaminating nucleic acid to acceptable levels. 

The diluted liquid can for example be treated with Benzonase CM) 
20 nuclease enzyme, to degrade free nucleic acids (importantly DNA, and usually 
also RNA) at up to about 50 units/ml 1n the presence of about 2-10 nM 
magnesium ion, either for up to about 1 hour at from about 4 deg.C to room 
temperature. 

25 The level of nuclease enzyme and other protein can then be reduced for 

example by di a- filtration against a suitable formulation buffer, through a 
membrane with a virus -retaining, e.g. 500ICD, exclusion limit. 

After these treatments the harvested virus can be transferred to a 
30 desired carrier liquid and frozen, lyophilised or otherwise stabilised in 
any suitable manner. 

Processes according to examples of the invention can offer particular 
advantage in connection with highly, cell -associated viruses, i.e. those 

35 viruses having a particularly high degree of cell association in culture, 
for example herpes simplex virus type 2 (HSV-2). pseudorabies virus (PRV), 
turkey herpesvirus and varicella zoster virus (YZV), With certain 
herpesviruses and culture conditions (e.g. with herpes simplex virus type 
1 (HSV-D) there can be a substantial spontaneous release of virus from the 

40 infected cells into the cell culture liquid, so that application of a 
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process according to an example of the present invention can sometimes here 
be unnecessary and accordingly such examples of the invention are less 
preferred, 

5 The invention can be applied with any appropriate adaptations of 

detail as will be readily accessible to those skilled in the art, to 
herpesviruses of various types, including for example wild^type herpes 
simplex virus and genetically disabled herpes viruses such as herpes simplex 
virus, and for example other herpes viruses as mentioned in the documents 
10 cited herein. 

The virus preparations obtained by the use of processing steps as 
described herein can be further processed and made part of pharmaceutical 
compositions e.g. with peruse conventional ingredients of virus vaccines- 

15 

The Invention is further described and illustrated by the following 
non-limitative example. 

EXAMPLE : 

20 A process according to an example of the invention, for harvesting and 

purifying virus particles, can make use of a culture of Vero cells infected 
with HSV-2, grown essentially m known manner In conventional culture medium 
contained in roller bottles at about 100ml of medium per bottle. The 
culture medium, cell type and culture conditions can be for example as 

25 follows: 

The Vero cells can be passaged at 2 x 10*7 cells per roller bottle. 
Culture can be carried out using 0MEM medium with 4.5 g/1 glucose without 
sodium pyruvate and wlth GTutamax-1 OM) (L-alanyM-glutaprine), 862 mg/1. 
•Incubation can be carried out for example at about 37 deg.C and for about 

30 120 hours (5 days) . Confluent cell cultures can then be Infected with HSV-2 
at a multiplicity of infection of about 0.01, by diluting the virus in DMEM 
to the level where 1 ml is added to each roller bottle which is then 
returned to the roller- incubation apparatus at about 34-37 deg.C. When 
- cytopathic effect is observed to be 80-100*, e.g. 65-72 hours after 

35 infection, the roller bottles can be treated as ready for virus harvest. 

The culture medium can be decanted from each bottle and replaced by 
10ml per bottle of a buffered sodium chloride solution (about 0.8-0.9M) 
containing 0.01M sodium citrate pH 7.0. The cells in the roller bottle in 
contact with this buffered sodium chloride solution can be rolled and 

40 incubated at about 34 deg.C for about 4 hours. 
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The cultured cells themselves in the roller bottle can largely remain 
attached to the bottle surface and can be discarded after separation of the 
liquid containfng the harvested virus particles. 

The liquid in the bottle, comprising the buffered saline and material 
5 from the cell culture in suspension. Including virus, can be removed by 
pipette and centrifuged at about 3000 rpm in a Sorvall RT6000 (TM) 
centrifuge for about 10 minutes (e.g. at RCFraax about 1876). The cells in 
the pellet, and those remaining in the bottle, are discarded (under 
appropriate virus -containment conditions) and the supernatant is taken by 
10 pipette to the next step, which can be continuous flow centrifugation. Pre- 
filtration can be carried out with a 0.8 micron filter. The supernatant 
liquid from centrifugation can be diluted or diafiltered to a final 
concentration (in respect of sodium ion) of 138mH. 

The diluted liquid can then be treated with Benzonase OH) nuclease 
15 enzyme, to degrade free nucleic acids (importantly the enzyme used has DNase 
activity, and usually also, like Benzonase (TM). will have RNase activity) 
at up to about 50 units/ml In the presence of about 2-10 mM magnesium ion, 
e.g. for up to about 1 hour at a temperature from about 4 deg.C up to room 
temperature. 

20 The reaction liquid can then be subjected to tangential cross- flow 

filtration (diafiltration) using a filter /membrane with a 500kD exclusion 
limit in a Filtron (TM) or other tangential crossflow device, using a 
recirculation rate of 1000 ml/min. a filtrate rate of 100 ml/irin, and a 
backflush of 100 ml sodium citrate 0.01M pH 7.25 containing 138 mM sodium 

25 chloride. 

The retentate from the cross- flow ultrafiltration step can then be 
treated by diafiltration against 5-10 volumes of citrate/saline buffer to 
reduce the amount of nuclease enzyme, and the retentate is finally subjected 
to 0.2 micron (sterilising) filtration optionally preceded by filtration 

30 with a filter of from about 0.45 micron to 5 micron, using the same buffer 
again, after making the liquid containing the virus preparation up to 20 
mg/ml in a suitable stabilising protein, preferably human serum albumin at 
about 20 mg/ral. It can be useful to prewash the filters with a liquid 
- containing the same stabilising protein in the same buffer, before using the 

35 filters to treat the virus preparation. 

The resulting product can be obtained as a suspension of virus 
particles 1n saline buffer and stabilising protein, in which the level of 
residual DNA can be satisfactorily low. 

40 The yield from such a process has been found to be usefully good by 
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comparison with a process Involving ultrasonic cell disruption to liberate 
virus particles, followed by separation of virus particles from eel 1 debris. 

The invention can be very usefully applied, for example in a preferred 
5 embodiment carried out according to the example described above, to the 
culture and harvesting of genetically disabled HSV-2 virus for vaccine use, 
which virus has a deletion in respect of the gH gene essential for 
production of infectious new virus particles, and is culturable on a cell 
line which is based on Vero cells which have been made recombinant and able 
10 to express the viral gH gene which is missing from the viral genome, e.g. 
as described in specifications WO 92/05263 and WO 94/21807 (and see also A 
Forrester et al . J Virol 66 (1992) 341-348, also H E Farrell et al , J Virol 
68 (1994) 927-932) and C McLean et al . J Infect Dis 170 (1994) 11QQ-1109). 

15 It can also be preferable, according to convenience, to culture the 

cells and viruses on various forms of microcarriers in per-se known manner, 
instead of 1n roller bottles. 

The present invention and disclosure extend to the methods and 
20 compositions and the resulting products as described herein, and to 
modifications and variations of the features mentioned and described herein, 
including combinations and subcombinations thereof, and the documents cited 
herein are hereby incorporated by reference in their entirety for all 
purposes. 

25 
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CLAIMS: 

1: A process of harvesting a herpesvirus from a cell culture infected 
therewith, which comprises treating said culture with a hypertonic aqueous 
5 salt solution to yield a virus suspension. 

2: A process according to claim 1, wherein the virus suspension is 
further treated to formulate it as a pharmaceutical preparation suitable for 
use as a virus vaccine. 

10 

3; A process according to claim 1 or 2, wherein the salt comprises 
sodium chloride at about 0.8 M concentration or above. 

4; A process according to claim 1, 2 or 3 wherein the harvesting salt 
15 solution is buffered at a pH about 7 and temper ature about 34 deg.C. for the 
harvesting of herpes simplex virus. 

5: A process according to any of claims 1-4 wherein the harvested 
preparation is then diluted or dia-filtered to approximately isotonic 
20 concentration. 

6: A process according to any of claims 1-5 wherein the harvested virus 
preparation is treated with nuclease enzyme. 

25 7; A process according to claim 6 wherein the preparation after nuclease 
treatment is dia-f1ltered against a formulation buffer, through a membrane 
with a virus-retaining exclusion limit. 

8: A process according to any preceding claim wherein the harvested 
30 virus, after transfer to a desired carrier liquid, is frozen, lyophilised 
or otherwise stabilised. 

9: A process according to claim 1. wherein the virus comprises herpes 
simplex virus type 2 (HSV-2), pseudorabies virus (PRV). turkey herpesvirus 
35 or varicella zoster virus (VZV), 
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